1. Young male rats were fed on diets containing 3.4, 36 or 41 1 mg zinc/kg for 10 weeks in order to determine whether effects of Zn deficiency on plasma and liver essential fatty acid composition could be distinguished from those of reduced protein and energy intake.
between phospholipids and neutral lipids in relating effects on fatty acid composition to nutrient imbalances. These points require clarification if a significant role of Zn in EFA metabolism is to be established.
METHODS
Thirty weanling male Sprague-Drawley rats (mean weight 50 (SE 2) g) were housed individually in polypropylene cages with stainless-steel gridded wire floors and cage tops (Nalgene). They were fed on a semi-synthetic diet (Teklad, Madison, Wl) in which the Zn content was formulated to be 40 mg/kg. The diet contained (g/kg) : 200 spray-dried egg white, 505 maize starch, 100 maize oil, 150 cellulose, 35 AIN-76 mineral mix and 10 AIN-76A vitamin mix as recommended by the American Institute of Nutrition (1977) . At 10 d post-weaning (mean body-weight 95 (SE 4) g), the rats were divided into three groups of ten rats each and were given the same diet in which the Zn content was formulated to be 4 mg/ kg (Zn( -)), 40 mg/kg (control) or 400 mg/kg (Zn( +)). The measured Zn content of these diets was 3.4,36 and 41 1 mg/kg respectively. Deionized, distilled water was available ad lib. from acid-washed polycarbonate bottles with stainless-steel sippers (Nalgene). The rats were weighed weekly and food intake was measured daily. After 10 weeks on the diets, the rats were anaesthetized under diethyl ether and blood was drawn from the abdominal aorta into EDTA-anticoagulated syringes, centrifuged and the plasma frozen. Liver was also removed and frozen.
Lipid analysis was conducted as described previously (Cunnane et al. 1984) . Total lipids of plasma and liver were extracted with chloroform-methanol (2: 1, v/v) containing 0.2 g butylated hydroxytoluene/l as antioxidant. Total phospholipids and triacylglycerols (liver only) were separated by thin-layer chromatography using standard methods (Cunnane et al. 1984) . These lipid fractions were trans-esterified with boron trifluoride-methanol and the composition of the fatty acid methyl esters was determined by gas-liquid chromatography under the conditions previously specified (Cunnane et al. 1984) . Total phospholipids were quantified by the ammonium ferrothiocyanate method (Stewart, 1980) and triacylglycerols were quantified by gas-liquid chromatography using triheptadecanoin as the internal standard. The Zn content of the diet and plasma was assayed by atomic absorption spectrophotometry (Instrumentation Laboratories 457) under conditions of minimal contamination.
Statistical analyses were done using one-way analysis of variance followed by Duncan's Multiple Range Test.
RESULTS
The weight gained by the Zn( -) rats was 43 YO lower than that gained by either the controls or the Zn( +) group (P < 0.01). Absolute food intake was not different between groups but food conversion efficiency (g weight gain/g food intake) was only 65 % of control values in the Zn( -) group (P < 0.01, Table 1 ). Liver weight (absolute and relative to body-weight) was significantly lower in the Zn(-) group compared with either the controls or Zn(+) group. Plasma Zn level in the Zn( -) group was 40 YO of that in the controls (P < 0.01) and was 34 % higher than control values in the Zn( +) group (not significant).
The main fatty acids relevant to the role of Zn in EFA metabolism are linoleic acid (18 : 2n -6), dihomo-y-linolenic acid (20 : 3n -6) and arachidonic acid (20 : 4n -6) in the phospholipid fractions. The values describing phospholipid fatty acid composition are therefore limited to these fatty acids ( Table 2 and 3). In liver, triglyceride levels of the non-EFA, palmitic acid (16 : 0), palmitoleic acid (1 6 : In -7) and oleic acid (1 8 : In -9), are also shown ( Table 3) . The fatty acid composition of the two main phospholipid subclasses of plasma is shown in Table 2 . The proportional content of linoleic acid was significantly higher in the phosphatidylcholine subclass of the Zn(-) group than in the other groups but did not differ significantly between groups in the phosphatidylserine fraction. In each of the plasma phospholipid subclasses studied, dihomo-y-linolenic acid was significantly higher in the controls than in the other groups whereas arachidonic acid was lowest in the Zn( -) group (not significant compared with controls) and highest in the Zn( +) group (P < 0.01, Table  Table 3 . Phospholipid and triacylglycerol fatty acid composition (mol YO) and total phospholipid and triacylglycerol content of liver in ratslfed on diferent amounts of dietary zinc (The Zn( -) 2). In the phosphatidylcholine subclass the ratio of linoleic acid : arachidonic acid was higher in the Zn( -) group compared with the controls (P < 0.01); in the phosphatidylserine subclass the ratio was lower in the Zn( +) group compared with the controls (P < 0.01).
In liver total phospholipid, linoleic acid was highest in the Zn(-) group, dihomo-ylinoleic acid was highest in the Zn(+) group and arachidonic acid was not different between groups. The linoleic acid : arachidonic acid ratio was higher in the Zn( -) group than in the controls or Zn(+) group (Table 3) . The fatty acid composition of liver triacylglycerol is also shown in Table 3 . In the liver triacylgylcerol of the Zn(-) rats, proportional contents of palmitic acid and oleic acid were significantly lower whereas linoleic acid and arachidonic acid were significantly higher than those in the controls. In the liver triacylglycerol of the Zn( -) rats, proportional contents of palmitoleic acid, linoleic acid and arachidonic acid were higher than those in the controls but palmitic acid and oleic acid were lower. Total triacylglycerol was significantly lower in the Zn( -) and Zn( +) groups compared with controls.
DISCUSSION
The present study was designed to eliminate the variable of protein-energy intake while assessing the effects of dietary Zn deficiency on EFA composition in the rat. This was done by feeding approximately 3 mg Zn/kg diet to rats which were at least 10 d beyond weaning age. It was reasoned that evidence suggesting a role of Zn in EFA metabolism would be strengthened if an effect of Zn supplementation opposite to that of Zn deficiency were observed. Since one-tenth the adequate Zn intake (3540mg/kg) was chosen for Zn depletion, ten times the adequate intake was used for Zn supplementation, an amount which does not adversely affect weight gain in rats (Table 1 and Cunnane, 1985) .
The present observations indicate that a moderate degree of Zn depletion (3.4 mg Zn/kg diet given from 10 d post-weaning for 10 weeks) does not significantly impair food intake in rats (Table 1) but does significantly alter EFA composition in plasma and liver phospholipids (Tables 2 and 3) . The EFA changes in the Zn-deficient rats resulted in an increase in the ratio of linoleic acid : arachidonic acid (higher linoleic acid or lower arachidonic acid depending on the phospholipid subclass; Tables 2 and 3 ) which is consistent with the majority of the previous experimental and clinical findings indicating an impairment of arachidonic acid synthesis during Zn deficiency. The association between Zn and EFA does not depend only on the study of Zn deficiency. The present study included a group given ten times the amount of Zn given to the controls. The proportional content of arachidonic acid in plasma phosphatidylserine was significantly increased and the ratio, linoleic acid : arachidonic acid significantly decreased in the Zn(+) group compared with the controls ( Table 2) . These results are consistent with those previously reported showing higher arachidonic acid contents in liver phospholipids of Zn-supplemented rats (Cunnane, 1985) . They are also consistent with the low levels of arachidonic acid seen in human serum phospholipids of patients with both acquired and inherited Zn deficiency in whom Zn supplementation significantly raises the serum content of arachidonic acid (Koletzko et al. 1984; Krieger et al. 1986; Cunnane & Krieger, 1988) .
The explanation for the reported increase in the neutral lipid content (mol YO) of arachidonic acid (Huang et al. 1982; Cunnane et al. 1984; Cunnane, 1985; Fogerty et al. 1985) lies in the effect of the triacylglycerol pool size on its proportional composition of arachidonic acid. The proportional composition of arachidonic acid in plasma or liver triacylglycerol of various species has been shown to vary inversely with the triacylglycerol pool size ). Hence when the liver triaclyglycerol pool size was decreased, e.g. the 75 YO decrease in liver triaclyglycerol seen in the Zn( -) and Zn( +) groups (Table 3) , the proportional composition (mol YO) of arachidonic acid was significantly increased. The proportional increase in arachidonic acid in liver triaclyglycerol was not a function of increased synthesis of arachidonic acid but rather was a function of the triaclyglycerol pool size being reduced. In fact, the quantitative content of arachidonic acid in the liver triaclyglycerol was similar for the three groups in the present study: Zn( -) 95, control 11 1, Zn( +) 82 ,ug/g. Therefore, in using differences in proportional fatty acid composition to approximate changes in EFA metabolism, it is essential to isolate the phospholipid (the total pool size of which rarely fluctuates more than 20 YO) as has been recommended previously (Hill et al. 1982) .
